Concentrations of ammonia (NH 3 ), hydrogen sulfide (H 2 S) and methyl mercaptan (CH 3 SH) are high in the air above landfills in Taiwan. Odors are strong and many flies are present. These factors were studied in the air above selected landfill sites where odor was considered to be a nuisance. In this study, Natural Effective Microorganisms Enzyme (NEME) was sprayed on selected sampling sites to reduce the odor, the concentration of NH 3 , H 2 S and CH 3 SH and the number of flies in landfills. The odor levels, the concentrations of NH 3 , H 2 S and CH 3 SH and the numbers of flies at various sampling sites before and after spraying with NEME were discussed.
Introduction
People in Taiwan have recently encountered many air pollution problems, especially those associated with bad odor (Chung et al., 2000) . Over 300 *Corresponding author:
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Fax: +886-8-7740256 E-mail address: chensj@mail.npust.edu.tw substances have been reported to have bad odors (Ikeda et al., 1980) . Among these, ammonia (NH 3 ), hydrogen sulfide (H 2 S) and methyl mercaptan (CH 3 SH) are three of the nastiest. Large quantities of NH 3 , H 2 S and CH 3 SH are generated and released from landfills, agricultural activities, traffic and industrial processes, including petrochemical refining, metallurgy, food preparation, wastewater treatment and the treatment of fuels (Eikum and Storhang, 1986 ; Ryer-Power, 1991; Chung et al., . Tables 1 and 2 present typical emission gases from landfills and typical emission gases related to trace species from landfills, respectively.
Furthermore, the generation of odors is a complex process that involves several bacterial species, which produce an extensive range of volatile organic compounds in the various currently used manure storage systems. (Jun, 2000) . Table 3 lists the Ambient Air Standards for odorous polluting species in Taiwan.
Ammonia is a colorless gas with a very sharp odor. It is made both by humans and by nature. It dissolves easily in water and evaporates quickly. It is commonly sold in liquid form. The quantity of ammonia generated by humans annually is almost equal to that produced by nature. Ammonia is produced naturally in soil by bacteria, decaying plants and animals, and animal wastes. Ammonia is crucial in several biological processes. Most ammonia produced in chemical factories is used to make fertilizers. The rest is used to make textiles, plastics, explosives, pulp and paper, food and beverages, household cleaning products, refrigerants, and other products. It is also used in smelling salts.
Ammonia occurs naturally, in soil, air and water.
Most of the ammonia in water changes to ammonium, an odorless liquid. Ammonia and ammonium can be converted into each other in water. Ammonia is recycled naturally in the Buijsman et al. (1987) showed that agricultural emissions are primarily from animal waste (chiefly from cattle, poultry, pigs and sheep) and to the use of fertilizers (mostly ammonium sulphate, ammonium nitrate, ammonia, urea and ammonium phosphate) (Buijsman et al., 1987) . Battye et al. (1994) stated that the most significant source of NH 3 emissions (around 80%) in the United States is livestock waste (Battye et al., 1994) . Perrino et al. (2002) measured the atmospheric concentrations of gaseous ammonia at several traffic sites in the urban area of Rome and at an (Perrino et. al., 2002) . They found that ammonia at the roadside is present in high concentrations, around five times the urban background.
Furthermore, the trend in the concentration of ammonia with time is similar to that of carbon monoxide and depends on traffic emission and on the mixing of the atmosphere. In particular, the air temperature also governs the atmospheric concentration of ammonia (Perrino et. al., 2002) . Thomas et al. (2002) (Carmichael et al., 2003) . Carmichael et al. (2003) demonstrated that their observations reflected the spatial distributions of the emissions. Ammonia is a primary pollutant, and is emitted in large quantities near important urban and industrial centers.
However, ammonia emission is in fact wide spread, reflecting the large contribution by agricultural activity (Carmichael et al., 2003) . H 2 S is a colorless gas that smells of rotten eggs.
H 2 S poisoning is rare, and is mainly observed in Currently, the Taiwan EPA sets the ambient air standards of 1 and 0.1 ppm for NH 3 and H 2 S, respectively. In a study of exhaust gas treatment, Chung et al. (1996a,b) proved the value of immobilized-cell technology, which was associated with its high removal efficiency, high removal potential, and high operational stability (Chung et al., 1996a,b) . Chung et al. (2000) showed that a specific microflora (mixture of Thiobacillus (Chung et al., 2000) . Various economic activities cause both industrial and municipal wastes to be released. The final depository of most of these wastes is a landfill site in which degradation takes place in an acidic anaerobic environment, causing odor to be emitted to the surroundings (Davoli et al., 2003; Vandergheynst et al., 1988) . The observations in this work should be carefully considered in view of the difficulty in using the landfill sites in Taiwan.
The comprehension of the fate of NH 3 , H 2 S, and CH 3 SH into the atmosphere at landfills is a challenging problem that requires further investigation.
In this work, the Natural Effective Microorganisms Enzyme (NEME) was NEME on selected sampling sites to reduce the odor level, the concentration of NH 3 , H 2 S and CH 3 SH and the number flies in the landfills at those sites. Then, the odor levels, the concentrations of NH 3 , H 2 S and CH 3 SH and the numbers of flies at various sampling sites before and after spraying NEME are discussed.
Experimental

Natural Effective Microorganisms Enzyme (NEME)
This work applied the Natural Effective
Microorganisms Enzyme (NEME) to reduce the odor level, the concentrations of NH 3 , H 2 S and CH 3 SH and the number of flies in landfills by spraying NEME over selected sampling sites as will be described in the Section 2.2 below. Natural
Effective Microorganisms can secrete the NEME to reduce the odor level. NEME consists of organism and effective bacteria species, such as Bacillus amyloliquefaciens, Bacillus licheniformis, Bacillus megaterium, Bacillus pumilus, Bacillus subtilis. NEME has a pH value of between 4.5 and 6.5, a density between 0.9 and 1.1, and a total bacteria number >400,000,000 CFU/ml.
Sampling and Analysis Method Effective
Three typical landfills in Taiwan were selected to be investigated: (I) the emission levels of odor, NH 3 , H 2 S and CH 3 SH, and (II) the numbers of flies were examined. These three landfills were the The collected air-samples were analyzed by gas chromatography (GC) or gas chromatograph mass spectrum analysis (GC-MS). Both a flame ionization detector (FID) and a flame photometric detector (FPD) were used to perform GC analysis. were selected and those who participated in the odor testing were using the five standard odors, as shown in Table 4 .
Sensory Evaluations
Sensory evaluations of the odor of all collected air-samples (in air-sample bag) were performed by panels of six to nine people. Panel members with normal senses of smell, were selected in advance using the olfactometer and five standard odors. (1) A1, A2, A3: sampling mixtures + 50 ml DI water (to present blank condition) (2) B1, B2, B3 : sampling mixtures + 50 ml dilution of 5% NEME (to present 5% NEME concentration) (3) C1, C2, C3 : sampling mixtures + 50 ml dilution of 10% NEME (to present 10% NEME concentration) lotions or any other fragrant essence before the session. Panel members were not allowed to attend a session if he/she had a cold, influenza or any other health problem that could affect his/her nose.
No panel member tested for more than 4 hours per testing. Within the period of testing, at least two ten-minute breaks were taken for olfactory rest. In particular, the odor panels worked in a room constructed of odor-free materials and equipped with a ventilation system to prevent the build-up of odor in the room.
Preparation for the Laboratory Test
Before the spraying process, the feasible for Table 6 . Odor level at Tian-Wai-Tian Landfill in Ji-Long City (before and after NEME was sprayed). smelling dose of NEME in the field had to be evaluated. Hence, in a prior test in the laboratory, three conditions were considered: (i) Condition A:
sampling mixtures + 50 ml DI water (blank condition); (ii) Condition B: sampling mixtures + 50 ml of dilute 5% NEME (5% NEME concentration); (iii) Condition C: sampling mixtures + 50 ml of dilute 10% NEME (10% NEME concentration). Each condition was repeated three times, with the times of 8hr and 16hr. Table 5 presents the prior to test with different retention times after NEME was added in the laboratory.
Based on the results of Table 5 , the feasible dose of NEME in the field was obtained as follows.
Use a total reactor volume of 200 l (in the mixing tank).
(i) Add 100 l about half of the volume of water to the mixing tank. Table 7 . Odor level at Yan-Pu Country Landfill in Pingtung City (before and after NEME was sprayed). (ii) Add 1.6 l of sugar-mixtures and 1.6 l of NEME into the mixing tank. The reduction ratios were between 39.5% and 99.4%. Table 7 shows that the measured odor level ranged from 2020 to 7090 with a mean of 4790 at the Yan-Pu Country Landfill, before NEME was sprayed. After NEME was sprayed, the measured odor level ranged from 127 to 3490 with a mean of 1360. The mean reduction ratio was 71.6%. the Ping-Tung Municipal Landfill, before NEME was sprayed. After NEME was sprayed, the measured odor level ranged from 123 to 998 with a mean of 602. The mean reduction ratio was 68.1%. Table 9 shows that the measured NH 3 ppm before NEME was sprayed. Table 9 also indicates that the measured NH 3 concentration at the Ping-Tung Municipal Landfill ranged from 0.36 to 5.4 ppm and with a mean 1.85 ppm. Table 9 shows that the measured NH 3 concentration at the Yan-Pu Country Landfill ranged from 0.25 to 0.93 ppm with a mean of 0.44 ppm after NEME was sprayed. 
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